To develop and validate a prediction rule screening instrument, easily incorporated into the routine hospital admission assessment, that could facilitate discharge planning by identifying patients at the time of admission who are most likely to need postdischarge medical services.
fficient discharge planning is becoming an increasingly important component of inpatient hospital care. Financial pressures to shorten length of stay associated with the prospective payment system may result in an increase in the number of elderly patients discharged in unstable condition, 1 and in the discharge to home of some patients despite insufficient home care support. 2 Although discharge planning 3, 4 and case management [5] [6] [7] [8] [9] services are prevalent, screening methodologies for prospectively identifying which hospitalized patients will need these services remains primitive. 10, 11 Factors previously reported to be associated with the need for nursing home placement or other discharge planning services include age, gender, availability of caregivers, and functional status, 12 hospital teaching status, 13 the number of chronic medical conditions, 14 psychiatric comorbidity, 11 prior nursing home residence, 10, 11, 15 prior home health care use, 16 manual ability, 17 financial status, 18 educational attainment, 13 and anticipated discharge to a place other than home. 19 Despite research efforts, however, there are currently no screening instruments for discharge planning in common use. This is in part because data collection for existing instruments requires a trained "screener" to perform chart review, 8, 11, 15 patient interviews, 8, 12, 13 cognitive or physical testing, 14 interviews with housestaff or discharge planners, 7, 15, 16 or administrative database review. 10 In a time of cost reduction, data collection methodologies falling outside routine care undermine the practical utility of previously proposed screening instruments. 10, 11, 14, 15, [19] [20] [21] A screening instrument administered at the time of admission identifying those patients most likely to need discharge planning services could make discharge planners more efficient by enabling them to target their efforts on the "at-risk" population. To our knowledge, there is no report in the literature of an instrument for predicting the need for discharge planning services derived solely from data collected routinely from patients at the time of hospital admission. Furthermore, there is no report of such a screening instrument being used to improve patient outcomes such as targeting discharge planning services. We therefore developed, and prospectively validated, a screen-ing instrument based on self-reported data collected from patients as a part of routine care, to predict the use of postdischarge medical services (and thus the need for discharge planning) among inpatients on a general medical service.
METHODS
Patients eligible for this study were admitted or transferred to the general medical service of Brigham and Women's Hospital, an urban teaching hospital in Boston, Massachusetts, during two study periods: October 1 through December 23, 1993 (derivation phase) and February 14 through April 8, 1994 (validation phase). General medical service patients at our institution are medical patients who are not admitted to the cardiology service or to the intensive care unit. (Once stabilized, patients from the medical intensive care unit were generally transferred to the general medical service and were then included in our patient population.)
Patient Population
Data were collected as part of routine patient care and through the hospital's quality improvement program under a protocol approved by the institutional review board. All patients admitted to the general medical service were asked to complete the Patient Health History, a questionnaire requesting information about medical conditions, social support, employment status, and health status as measured by the Medical Outcomes Study 36-Item Short Form Health Survey (SF-36). 22 measures eight components of health status: physical functioning, role-physical, pain, general health perception, vitality, social functioning, role-emotional, and mental health. Each is represented by a subscale score.) Of the 632 patients admitted to the general medical service during the derivation phase, Patient Health History information was obtained for 387 (61%). These patients were defined as the derivation population. The 245 patients (39%) with no Patient Health History data were excluded from the prediction rule derivation analyses (Table 1) . Six (2%) of the 387 patients subsequently died during the hospitalization and were also subsequently excluded from the derivation of the prediction rule because they were never eligible to receive postdischarge medical services. Ultimately, data from 381(60%) of the patients were analyzed to develop the prediction rule.
During the validation phase, 327 (55%) of the 597 patients admitted to the general medical service provided Patient Health History information. These patients defined the validation population (Table 1 ). After excluding the 4 patients (1%) who died in the hospital, data from the remaining 323 (54%) were used to validate the prediction rule. Neither health status nor prediction rule scores were made available to nurses or case managers during either the derivation or validation phase.
Data Collection
Patient Health History questionnaires were given to patients at the time of admission as a part of the routine nursing assessment. If patients were unable to complete the form alone, assistance was provided by the patient's nurse or family member. When the patient was too ill, responses were sought from a family member or other proxy living with the patient. The SF-36 data presented are based on the responses available (i.e., no scores were imputed to replace missing data).
Demographic, clinical, and administrative data were collected from hospital administrative databases. Patients were contacted at 1 month after discharge to determine the use of nonphysician medical services during the 30 days after hospital discharge. So that we might compare the rate of postdischarge medical service use among patients excluded from the prediction rule development with the rate for those included, we attempted to contact all patients discharged alive during the study periods ( n ϭ 619 for derivation phase; n ϭ 583 for validation phase).
Follow-up was performed by telephone in the derivation phase, and by mailed questionnaire, followed in 2 weeks by telephone contact, during the validation phase. Telephone interviews were conducted with 467 (75%) of the 619 patients discharged alive from the hospital during the derivation phase or with their proxies. Reasons for noncompletion of follow-up included interview refusal by 10 patients (1.6%), no English-speaking member in the household of 14 patients (2.3%), 19 patient deaths (3.1%), and inability to contact 109 patients (18%). Of the 583 patients discharged alive during the validation phase, we obtained follow-up responses from 400 (69%). Reasons for noncompletion of follow-up included telephone interview refusal by 9 patients (1.5%), no English-speaking member in the household of 16 patients (2.7%), 17 patient deaths (2.9%), and inability to contact 141 patients (24%).
Outcome Measure
Our outcome variable was dichotomous: use (or nonuse) of postdischarge medical services during the 30 days after discharge from the hospital. This included all services requiring discharge planning: placement in nursing, rehabilitation, and mental health facilities; the use of medical equipment at home (such as walkers, hospital beds, or bathroom assistance devices); and home nurse, therapist, or home health aide visits. Office visits with a health care provider, readmission to the hospital, visits to an emergency department, or home visits by a social worker were not included.
As some postdischarge medical services were set up after a patient's discharge, we treated data from the patient or proxy as the primary source for outcome informa-tion (available for 75% of the derivation population and for 69% of the validation population) and data from the hospital administrative databases (available for 100% of patients) as the secondary source. (We assumed for the purposes of this analysis that all ordered services were in fact used.)
Analysis
We hypothesized, on the basis of previous research, 12 and clinical experience, that health status would be an important predictor of postdischarge medical service use. Patients for whom we had no health status data were therefore not included in the development of the prediction rule. Univariate correlates ( p Ͻ .05) were determined using the 2 or Fisher's Exact Test for categorical variables and the Wilcoxon Rank-Sum Test for (nonnormal) continuous variables (age and SF-36 scores).
Independent predictors of the outcome variable were identified by forward stepwise logistic regression analysis (and confirmed in a backward regression) using SAS software (SAS Institute Inc., Cary, NC) where all univariate ( p Ͻ .05) correlates were entered as independent variables. Adjusted odds ratios and 95% confidence intervals were derived from the regression coefficients and their standard errors. 
Development of Prediction Rule
To facilitate the use of this model as a practical prediction rule, we converted continuous independent predictor variables (age, SF-36 physical function, and SF-36 social function) to dichotomous variables, which are more practical to use. The optimal point at which to dichotomize was chosen by running a series of logistic regression analyses to identify the dichotomous variables possessing the most explanatory power. To avoid "overfitting" the prediction rule, p ϭ .01 was chosen as the level of significance for a factor to remain in the model. Finally, we developed a prediction rule scoring system with each dichotomous variable in the final model assigned a point value based on the relative strengths of regression coefficients.
Assessing Model Performance
We used the area under the receiver-operating characteristic (ROC) curve, 23 equal to the c statistic, characterizing the discriminative ability of the prediction rule, to assess model function.
RESULTS

Descriptive Statistics
Compared with patients included in the derivation population, patients who were excluded were more likely to be male, single or have an unknown marital status, unemployed or disabled, and nonwhite. These patients also reported fewer comorbid conditions, and were less likely to be divorced or separated, widowed, retired, or have private medical insurance. Despite these demographic differences, hospital mortality, length of stay, and the rates of postdischarge medical service use were similar among patients included and those excluded from the derivation set (Table 1 ). The most common discharge diagnosis-related groups (DRGs) were also similar among the two populations: of the top 10 DRGs in the derivation population, 7 were also among the top 10 discharge DRGs for the population excluded from the prediction rule development ( Table 2) .
Patients in the derivation and validation populations were generally similar. However, validation population patients had lower mean SF-36 vitality scores and were more likely to be members of an HMO (Table  1) . Of the SF-36 subscales, the 387 patients in the derivation population completed the social functioning subscale most frequently (369 patients [95%]) and the general health perception subscale least frequently (336 patients [87%]). Similarly, the 327 validation population patients completed the physical functioning and social functioning subscales most frequently (316 patients each [97%]) and the role-emotional and general health perception subscales least frequently (284 patients each [87%]). 
Univariate Analysis
Univariate predictors of postdischarge medical service use are presented in Table 3 . Although several clinical conditions (a history of an "emotional or stress-related illness," stroke, heart valve disease, hip fracture, or peptic ulcer disease) correlated with the use of postdischarge medical services, other past medical conditions, discharge DRG (grouped into the major diagnostic categories 24 ), patient gender, and admission source (emergent or elective) did not. Patients who used these services also had significantly lower mean SF-36 scores than patients not using services (Table 4) .
Multivariable Analysis
Multivariable analysis identified patient age (odds ratio [OR] 1.4; 95% confidence interval [CI] 1.2, 1.6, for each decade older), SF-36 physical function score (OR 1.3; 95% CI 1.2, 1.4, for each 10-point decrease), and the SF-36 social function score (OR 1.2; 95% CI 1.1, 1.3, for each 10-point decrease) as independent correlates of postdischarge medical service use ( c ϭ 0.80 for this model with three continuous variables). The most powerful model using only dichotomous variables contained the following variables: age 65 or older, SF-36 physical function score of 15 or less, and SF-36 social function score of 50 or less. Based on the strength of the regression coefficients, we generated a prediction rule scoring system: age 65 or older (1 point), SF-36 social function score of 50 or less (1 point), and SF-36 physical function score of 15 or less (2 points). Higher scores indicate greater likelihood of using postdischarge medical services.
Using the observed rates of postdischarge medical service use for derivation population patients within each prediction rule score, patients were grouped into three categories representing risk of using postdischarge medical services: low (score of 0), intermediate (score of 1), and high (score of 2-4). Of the 355 patients from the derivation population with data for each of the prediction rule variables, 93 (26%) were classified as low-risk, 151 (43%) as intermediate-risk, and 111 (31%) as high-risk. Postdischarge medical services were used by 75 (68%), 34 (23%), and 13 (14%) of the patients in the high-, intermediate-, and low-risk categories, respectively ( Fig. 1) ( c ϭ 0.75 for this final model based on the three risk categories).
To assess the stability of our model, we performed a second multivariable analysis with use of home nursing services or durable medical equipment as the outcome variable (discharges to a nursing home or rehabilitation hospital were excluded). Exactly the same independent predictors emerged in this model. 
Prospective Validation of the Prediction Rule
Of the 323 patients in the validation population, data for each of the prediction rule variables were available for 302 (93%). Ninety-eight (32%) of the validation population patients were categorized as high-risk by the prediction rule, 107 (35%) as intermediate-risk, and 97 (32%) as low-risk. As in the derivation population, the rate of postdischarge medical service use was highest among highrisk validation population patients (57 [58%]), and lower in the intermediate-risk (39 [36%] ), and low-risk (15 [15%] ) groups (Fig. 1) .
The model c statistic, reflecting the discriminative ability of the three-level prediction rule, changed from 0.75 (95% CI 0.70 0.80) in the derivation population to 0.70 (95% CI 0.64 0.76) in the validation population (p ϭ .19). As some general medical service teams had case managers and others did not, we verified that the ROC curves were similar for patients on both types of teams.
DISCUSSION
A screening instrument identifying patients likely to need postdischarge medical services could enhance the efficiency of patient care by targeting discharge planning services to these at-risk patients. To develop such a screening instrument, we determined the predictors of postdischarge medical service use among general medical inpatients. Older age and lower health status, as measured by the SF-36 physical function and social function scores, were independent predictors of a patient's use of postdischarge medical services. A prediction rule screening instrument based on these factors (containing 13 items; taking 2 to 5 minutes to complete) prospectively stratifies patients regarding their likelihood of requiring discharge planning services.
The findings of this study are consistent with previous research indicating that placement in long-term care facilities is associated with older age and lower health status. 12 Although the absence of a caregiver at home was not an independent risk factor in our multivariate model, the inclusion of the SF-36 social function score (measuring the impact of a patient's physical health or emotional problems on normal social activities) supports the importance of the social environment in predicting the need for home care or nursing home services. 25 , 26 The wide diversity of DRG in our study, requiring the consolidation of diagnoses into the major diagnostic categories for analysis, undoubtedly diminished the correlation between discharge diagnosis and use of postdischarge medical services. A larger sample size would have been required to determine if individual DRGs correlated with the use of postdischarge medical services.
This study did not attempt to measure all factors previously identified as correlates of postdischarge medical services use, such as attitudes of patients or patients' families regarding institutionalization or economic status, 11 or prior medical resource utilization. 14 However, these data were not routinely available for this patient population, whereas all data in this decision rule were collected as a part of routine care. Further research is required to determine if data regarding the previous use of home medical services and the type of residence before admission (information that could be routinely collected form patients) would enhance the power of this prediction rule.
Only general medical patients from one urban teaching institution, where the overall rate of postdischarge service use was high, were evaluated in this study; hence, even though the prediction rule stratified patients well according to their use of postdischarge services, 15% of patients in the low-risk group received these services. Furthermore, our mortality rate was relatively low (2% overall); in institutions with higher rates, the utility of the rule as an instrument to target discharge planners could be diminished.
One of the potential strengths of this prediction rule is that data collection can be incorporated into the routine nursing admission assessment. Nevertheless, the generalizability of our study is limited because only 61% of the eligible patients in the development phase and 55% of the eligible patients in the validation phase completed essential information on the SF-36. Our anecdotal experience indicates that acute illness, language barriers, as well as nursing and patient unfamiliarity with health status questions were factors leading to the incomplete collection of Patient Health History data. In the future we plan to limit the collection of health status data to the 13 prediction rule questions to simplify the screening process.
This screening instrument stratifies patients, at admission, regarding their likelihood of requiring postdischarge medical services. Because of the limited sample size, the confidence intervals around the prediction rule ROC area were wide in both development and validation. Further study is required to validate these findings and to determine if a discharge planning intervention targeted to those patients most likely to need discharge planning services can enhance the efficiency of the hospital discharge planning process.
